ABSTRACT. We present a videography approach to estimating large-scale availability of grazing lawns, an important food resource used by broods of emperor geese (Chen canagica) on the Yukon-Kuskokwim Delta, Alaska. Sampling was conducted in 1999Sampling was conducted in , 2003Sampling was conducted in , and 2004 at six locations that encompassed ~40% of the North American population of breeding emperor geese. We conducted ground truthing in 2003 and 2004 to estimate how accurately grazing lawn was classified. Overall, classification accuracy for grazing lawn and non-grazing lawn habitat was greater than 91%. Availability of grazing lawns was stable among years, but varied both among and within locations. Some locations have up to three times as much available grazing lawn, which in combination with densities of geese, likely represents dramatic variation in per capita food availability. Our results suggest that videography is a useful way to sample quickly across a large region and accurately identify fine-scale habitats. We present its use for estimating the availability of a preferred food resource for emperor geese, but the method could be applied to many other cases. 
INTRODUCTION
In Arctic and Subarctic ecosystems, geese are primary consumers during the summer months (Kerbes et al., 1990; Gauthier et al., 2004) , when they graze heavily on nitrogen-rich vegetation (Cargill and Jefferies, 1984; Person et al., 1998) . Food is often limited in these northern regions (Sedinger and Raveling, 1984; Williams et al., 1993) , and the growth and survival of juvenile geese are particularly sensitive to variation in the quality and quantity of food plants (Lindholm et al., 1994; Leafloor et al., 1998; Lepage et al., 1998) .
On the Yukon-Kuskokwim Delta (YKD) of Alaska, broods of emperor geese (Chen canagica), black brant (Branta bernicla nigricans), and cackling geese (B. hutchinsii minima) all forage and rear their broods in Carex subspathacea grazing lawns (Schmutz and Laing, 2002) . Such communities of C. subspathacea are distributed throughout the Holarctic (Hultén, 1990) and are used by many populations and species of geese (Cargill and Jefferies, 1984; Sedinger et al., 2001 ). On the YKD, these grazing lawns range in size from 10 cm wide linear strips to 0.25 km 2 patches (Person et al., 1998) . Previous efforts to quantify the availability of this food resource have used ground crews (Kincheloe and Stehn, 1991; Jorgenson, 2000) or a combination of ground crews and color infrared photos (Tande and Jennings, 1986; Babcock and Ely, 1994) . However, applying these methods at a landscape level has proved prohibitively difficult because of the large time investment in sampling, the logistical challenges of working in a remote setting, and the high associated costs.
It is of interest, therefore, to develop a quick, relatively inexpensive method that can identify grazing lawn habitat accurately and be applied on a large scale. Satellite-based remote sensing is increasingly being used to assess variation in land cover (Foody, 2002; Stow et al., 2004) and presents a suite of methods for quantifying food availability across a large area. In situations where higher resolution is needed, videography is an attractive alternative to remote sensing because it can detect finer-scale, patchily distributed features (Markus et al., 2003) and also can be applied on a similar spatial scale.
At a single colony location for black brant on the YKD, it was noted that videography for estimating the abundance of nests (Anthony et al., 1995) could also be used to identify fine-scale plant communities, such as grazing lawns, although the accuracy of identification was not investigated (Person et al., 2003) . We applied these same techniques in order to examine the utility of videography for assessing landscape-level variation in availability of grazing lawns.
We present data from videography conducted during 1999 -2004 at six locations on the YKD and from ground truthing conducted during 2003 -04. In our sampling, we targeted locations used by broods of emperor geese. This species forages almost exclusively in grazing lawns during a critical period for growth and development of goslings, and its population numbers have been depressed, possibly because of poor recruitment (Schmutz, 2001; Schmutz and Laing, 2002; Anderson et al., 2003) . No landscape-level assessment of this food resource had been conducted previously. We describe here the methods we used, the accuracy of classifying grazing lawn habitat, and the importance of variation in grazing lawn availability to broods of emperor geese.
STUDY AREA
We conducted videography sampling across the outer fringe of the YKD. This region is a coastal salt marsh maintained by large flooding events and daily influxes of brackish water from the numerous rivers and sloughs permeating the landscape (Kincheloe and Stehn, 1991) . Species diversity of vegetation is low, and continuous meadows of C. ramenskii and C. rariflora dominate the landscape (Babcock and Ely, 1994; Jorgenson, 2000) . Along the interface of C. ramenskii meadows and also along coastal margins, riparian mudflats, and pond margins are patchily distributed swards of C. subspathacea (Kincheloe and Stehn, 1991; Jorgenson, 2000) , which foraging geese prefer because of its high nutrient content (Sedinger and Raveling, 1984; Laing and Raveling, 1993; Ruess et al., 1997) . Grazing pressures on C. subspathacea are high (Person et al., 1998) , and adult geese sometimes forage in the adjacent, less nutritious C. ramenskii community (Ruess et al., 1997) . If intensively grazed, C. ramenskii is maintained in a form that is morphologically and nutritionally similar to C. subspathacea (Person et al., 2003) . In this paper, we use the term "grazing lawn" to refer both to C. subspathacea and to C. ramenskii that has reverted to a form indistinguishable from C. subspathacea. Other dominant habitats in this region include sloughlevee (consisting of Arctophila fulva, C. lyngbyaei, Deschampsia caespitosa, Elymus arenarius, Poa arctica, and Triglochin palustris) and uplands of Empetrum nigrum, Sphagnum spp., Betula nana, and Cladina rangiferina (Kincheloe and Stehn, 1991; Babcock and Ely, 1994; Jorgenson, 2000) .
METHODS

Videography Flights
We used aerial videography (Anthony et al., 1995; Person et al., 2003) to sample habitats used by broods of emperor geese (Fig. 1 ). Flights were conducted in early June of 1999 June of , 2003 June of , and 2004 , prior to hatching of emperor goose eggs. Information about the distribution of emperor goose broods (Bowman and Larned, 2000; C. Ely, unpubl. data) was used to delineate the six locations sampled, and 4 -13 transects were flown at each location, depending on its size (Fig. 1) . For each location, transects were spaced so as to ensure spatial coverage with no possibility of overlap across transects. Total flight time needed to sample all 52 transects was approximately 16 hours. The locations we sampled encompassed about 40% of the North American population of breeding emperor geese (U.S. Fish and Wildlife Service, unpubl. data).
Two digital cameras (mini-DV format) mounted near the aft bulkhead of a Cessna 206 aircraft recorded vegetation on the ground while flying about 150 m above ground level at a speed of approximately 160 km/h. The cameras were connected to the avionics system of the aircraft so that the two-person flight crew could annotate the video. A color monitor received images from the cameras in the aircraft. A GPS receiver linked to a laptop computer recorded the latitude and longitude of the aircraft each second, as well as the transect number, time, and date. When recording of latitude and longitude were not continuous (~13% of the time), we interpolated the latitude and longitude from adjacent locations. The location of the moving aircraft relative to each transect was displayed in real time on the computer screen. In 1999 and 2004, one camera was set to record a telephoto view (72 mm focal length; ~69 m 2 on the ground; Fig. 2 ) and the other camera recorded a wide view (16 mm focal length; ~1387 m 2 on the ground; Fig. 2 ), but in 2003 both cameras were mistakenly set to record a telephoto view. Each year we flew along the same transects, but the vegetation recorded by the videography was different because of the small coverage of the telephoto view and deviations from the transect caused by wind gusts, imprecision of GPS locations, and other uncontrollable factors.
Sampling Videography Data
Prior to sampling, we established eight habitat categories that described all of the sampled area. We chose a priori to limit habitats to eight categories, with the expectation that this would limit classification error yet still provide meaningful resolution. These categories were (1) grazing lawn (C. subspathacea and reverted C. ramenskii), (2) sedge meadow (primarily C. ramenskii and C. rariflora), (3) slough-levee (primarily Elymus arenarius, Poa arctica, and Deschampsia caespitosa), (4) upland (primarily Empetrum nigrum, Sphagnum spp., and Betula nana), (5) mud, (6) pond or lake, (7) river or slough, and (8) other (primarily pieces of driftwood; Kincheloe and Stehn, 1991; Babcock and Ely, 1994; Jorgenson, 2000) . While we collected information on all eight categories, our objective was to present only availability of grazing lawns, as this habitat is most relevant to broods of emperor geese (Laing and Raveling, 1993; Schmutz, 2001; Schmutz and Laing, 2002) .
After each field season, we displayed the video using two S-video monitors connected to VCRs, which displayed images from both the telephoto and wide views collected in 1999 and 2004 and the telephoto view collected in 2003. We were able to match images from the telephoto and wide views using the time stamp from each one-second segment of videotape. This allowed simultaneous viewing of the segment from the telephoto view on one monitor and the location of the telephoto segment within the wide view on the other monitor (Fig. 2) . We then sampled the videotape by stratifying by transect within each location. We defined the sample unit as a one-second segment of the videotape (30 frames/second), and we randomly chose 150 -160 one-second segments within each location, each separated by a minimum of 200 m. For each selected segment, we overlaid a set of 180 systematically distributed dots onto the telephoto view monitor and visually assigned each dot to one of the eight habitat categories. Each one-second stop of the videotape displayed most (but not all) of the actual segment, and we classified only the habitat on the visible portion. The percent availability of grazing lawns was the proportion of those 180 dots that were classified as grazing lawn. In addition, using the wide view from 1999 and 2004, we assigned collections of dots as being adjacent to a pond or river in order to compare availability of grazing lawns adjacent to these features. One study (Person, 2001 ) hypothesized that vegetation at inland locations, for example, around pond margins, may exhibit a more plastic response to grazing, which in turn could contribute to differences in grazing lawn availability.
Grazing lawns are distributed about river corridors (Kincheloe and Stehn, 1991) , and transects were generally oriented parallel to rivers (Fig. 1) . However, rivers on the YKD commonly alter course, and because the plane flying a straight transect could not follow this course, we potentially sampled habitat outside of the distribution of grazing lawns. Consequently, we were concerned that raw estimates of grazing lawn availability might be biased low, and that the magnitude of this bias might vary among locations, according to the variable juxtaposition of transects to rivers. To correct for this potential source of bias, we made an ad hoc adjustment to our data. We first calculated the distance from each grazing lawn to the nearest river edge, using the GPS points collected for each second of the videotape, a shapefile that displayed the rivers, and an algorithm in ARCVIEW. For each of the six locations, we then determined the maximum distance from sampled grazing lawns to rivers. We truncated data for each location at that distance, and excluded observations beyond the maximum distance. As a result, sample sizes included in our analyses of grazing lawn differed among locations and years (Table 1) .
Ground Truthing
We conducted ground truthing in 2003 and 2004 to assess how accurately we had classified grazing lawn and non-grazing lawn habitat with the videography. In 2003, prior to the videography flight, we randomly placed five 1 km long transects on the ground within the Manokinak River location. Along each transect, we placed five large, white X-shaped markers on the ground about 200 m apart. The aircraft flew over these transects, recording the vegetation below. However, because of the difficulty of maintaining the aircraft in a straight line, we captured only 18 of the 25 markers on the videotape. From the videography, we printed color images that displayed the markers and surrounding habitat. We returned to the field about three weeks later with these images, and after locating each marker, classified habitat shown on the corresponding image.
We used different methodology in 2004 to expand our ground-truthing efforts to another location. After the videography was conducted and we had sampled the videotape, we randomly selected 150 previously sampled videotape segments, 75 from Manokinak River and 75 from Old Chevak, to locate on the ground. We created a color paper printout of each segment that contained both the telephoto and wide views and the corresponding coordinates for the second during which both segments were captured. We used handheld GPS receivers to locate each segment's general area on the ground. We then used the corresponding wide view to match pond, meadow, and river configurations, which allowed us to align ourselves and locate the vegetation on the ground that matched that on the telephoto view. For many segments, it was not possible to pinpoint the telephoto view precisely within the wide view, and because we did not want to induce error associated with co-registration, we omitted these segments, which reduced our sample size to 21 at Manokinak River and 16 at Old Chevak. We do not believe this omission caused bias in our classification, which is described in more detail below.
In both years, we classified habitats observed directly on the ground to compare with our independent classification of these same habitats as observed from the videography segment. For both ground and videographybased classification, multiple categories of habitat often occurred within a single segment. When that happened, observers delineated breaks in habitat type and classified the different types. As in the videography-based classification, points were assigned to the ground-truthing classification. The difference in points between the ground-and videography-based classifications was used to estimate classification accuracy.
Data Analysis -Ground Truthing
We used user's and producer's accuracy, standard statistics in remote sensing applications (Congalton, 1991; Verbyla, 1995; Foody, 2002) , to estimate the accuracy at which we classified grazing lawn and non-grazing lawn habitat from the videography. User's accuracy reflects how often a given habitat (e.g., grazing lawn) that is detected on the ground is accurately classified as grazing lawn on the videotape. Producer's accuracy reflects the proportion of all videography-based classifications of a given habitat (e.g., grazing lawn) that are in fact that habitat, as evaluated from ground-based observations. User's and producer's accuracy are reported as percentages, with a measure of 100% indicating no error. Use of producer's and user's accuracy requires that three assumptions be met (Verbyla, 1995) : (1) the ground-truthing data are representative of the entire classification, (2) the groundtruthing data and classified segment are perfectly coregistered, and (3) there are no errors in the groundtruthing data. We believe we met these assumptions. Although we were unable to conduct ground truthing at four videography locations, the Manokinak River and Old Chevak locations were representative of the range of habitat types in the total study area. Old Chevak is the most inland and elevated location, whereas Manokinak River is more coastal and similar in habitat features and topography to the other locations sampled (Kincheloe and Stehn, 1991) . We were unable to locate many of the randomly selected ground-truthing segments in 2004 and some in 2003. Most segments were omitted because they lacked sufficient pond, meadow, or river signatures to enable their detection, or they comprised a single, large, homogenous habitat, not of grazing lawn, which made it difficult to pinpoint the telephoto view precisely within the wide view. This type of omission could bias classification accuracy if the ground-truthing sample were skewed towards easily detectable habitats. However, the relative proportions of different habitat types observed on the groundbased classification were nearly equal to those observed on the larger, videography-based classification, indicating that the ground data were representative. The data were perfectly co-registered because we were able to locate, on the ground, the segments we sampled on the videography. We minimized the potential for error in the ground-truthing data by training observers in identification of habitat types. If some observers were unsure of habitat type, they collected detailed notes on vegetation characteristics and habitat type was later classified by the first or third author.
Data Analyses -Variation in Grazing Lawn Availability
We conducted two analyses of variation in grazing lawn availability. For the analysis of variation among years and locations, we included data from Aknerkochik River, Kokechik Bay, Manokinak River, Old Chevak, and Opagyarak River in 1999 , and Naskonat Peninsula in 1999 and 2003 (Table 1) . We were able to collect information on the adjacency of grazing lawns to ponds and rivers only in 1999 and 2004. Thus, we restricted the analysis of variation within locations to 1999 and 2004, and we excluded Naskonat Peninsula, which was not surveyed in 2004.
We constructed models to examine hypotheses about variation in grazing lawn availability. We expected that grazing lawn availability might differ among locations because of variation in topography or edaphic conditions (Ruess et al., 1997) or among years because of interactions with herbivores (Person et al., 2003) . Therefore, the models we considered contained different combinations of the variables location, year, and trend in year (Table 2) . To address variation within locations, we examined whether addition of the pond/river variable to the best-fitting model from the prior analysis resulted in improved model fit.
We used an information-theoretic approach (Burnham and Anderson, 1998) to evaluate the relative support for the models we proposed to address our hypotheses. We used Proc GLM (SAS Institute Inc., 2001) to generate estimates of grazing lawn availability and evaluate the relative support for our candidate models. Because our response variable was a proportion, we applied arcsine transformations to grazing lawn availability before analysis in order to better meet the distributional assumptions of linear models (Sokal and Rohlf, 1995) . Relative differences in Akaike's Information Criterion (∆AIC), or Akaike's Information Criterion corrected for finite sample size (∆AICc) were used to discriminate among competing models (Burnham and Anderson, 1998) . We computed back-transformed, least-squares estimates of grazing lawn availability from the best-approximating model in each analysis.
RESULTS
We estimated producer's and user's accuracy from 55 videotape segments later located on the ground: 18 at (Table 1) .
Detection of Grazing Lawn
Producer's accuracy for grazing lawn ranged from 97.5% to 100% and user's accuracy ranged from 91.6% to 98.7% (Table 3) . Non-grazing lawn ranged from 99.7% to 99.9% for producer's accuracy and from 99.8% to 100% for user's accuracy. There was a small annual difference (range 0.2 -7.1%) in producer's and user's accuracy for grazing lawn and non-grazing lawn at Manokinak River in 2003 and 2004 (Table 3) . Similarly, there was a small spatial difference (range 0.1 -2.5%) in producer's and 
Variation Among Years and Locations
The best-approximating model indicated that grazing lawn availability varied among locations, but not among years (Table 3 ). There was some support for a model incorporating a trend in year (∆AIC = 1.80), but the trend coefficient was not distinguishable from zero (βYEAR = -0.0006, SE = 0.001). Mean estimates (± SE) of availability varied from 1.8% to 7% (± 0.7) among locations; they were highest at Kokechik Bay and lowest at Manokinak River (Fig. 3) . Aknerkochik River and Naskonat Peninsula had similar availability of grazing lawns that was greater than that of Old Chevak and Opagyarak River, which were also similar (Fig. 3) .
Variation Within Locations
Grazing lawn availability varied with adjacency to a pond or river, as a model that incorporated an additive effect of location and pond/river resulted in better fit than a model with location only (∆AICc = 16.45), or a model with an interaction of location and pond/river (∆AICc = 7.49). Grazing lawn availability was greater adjacent to ponds than to rivers (difference = 0.04, SE = 0.01). Among locations, mean estimates (± SE) of grazing lawn availability adjacent to ponds varied from 3.5% to 8.3% (± 0.9), and adjacent to rivers varied from 0.0% to 4.7% (± 1.0) (Fig. 4) .
DISCUSSION
Utility of Aerial Videography
Aerial videography is useful for quickly sampling a large region and accurately identifying fine-scale, patchily distributed habitats. A study with objectives similar to ours (Jano et al., 1998) used satellite imagery to sample habitats used by lesser snow geese (Anser caerulescens caerulescens) on a large scale, but it was only able to distinguish vegetation from non-vegetation and could not identify grazing lawns used by broods of that species. Our videography method combined quick, relatively inexpensive sampling with the ability to identify fine-scale habitat patches, such as grazing lawns, across large spatial extents. Possible alternatives to videography include QuickBird and IKONOS imagery. However, even the current resolution of these methods (0.6 -1 m) may be insufficient to detect small (10 cm wide), linear strips of grazing lawn. Furthermore, cloud cover that may obscure satellite methods but is not sufficient to prevent aircraft operation and videography is common on the YKD. We suggest that videography has broad application and is an attractive alternative to ground-based sampling or satellite remote sensing. In addition, a combination of videography and satellite remote sensing (Markus et al., 2003) may be a practical way to increase spatial coverage. Using aerial videography, we were able to classify grazing lawn and non-grazing lawn habitat with a high degree of accuracy. Thomlinson et al. (1999) suggested a minimum criteria for land cover classification of 70% accuracy per category and 85% accuracy overall. Our efforts produced results that exceeded those criteria for both grazing lawn and non-grazing lawn.
Temporal differences in accuracy may have been due to variation among years in weather or lighting conditions, or phenology of green-up. Nevertheless, accurate identification of habitat types was still possible. Under similar videography conditions, Anthony et al. (1995) reported that even under poor weather and lighting conditions, precise estimation of brant populations was possible with videography. Spatial differences in identification of grazing lawn and non-grazing lawn habitat were minimal. Overall, high accuracy of detecting grazing lawns was likely related to their comparatively short growth form.
Variation in Grazing Lawn Availability
Grazing lawn availability in our study varied from 1.8% to 7% among locations. Because broods of emperor geese spend more than 80% of their time in this habitat feeding (Schmutz and Laing, 2002) , a difference of 1.5 -2× in the amount of their primary food base likely represents a biologically relevant difference in food availability. Nevertheless, it is also important to consider densities of geese, especially in light of recent research that suggests body mass of pre-fledging emperor geese, which is sensitive to food availability, declines with increasing interspecific goose densities (Schmutz and Laing, 2002) . Surveys of nesting geese in spring (U.S. Fish and Wildlife Service, unpubl. data) indicate that densities are relatively similar across the locations we sampled. Consequently, we suggest that variation among locations in grazing lawn likely equates to dramatic differences in the per capita food availability.
Within locations, we observed that grazing lawn availability adjacent to ponds was up to 3.5× as great as that adjacent to rivers. Schmutz (2001) reported that broods of emperor geese most strongly selected saline pond rather than mudflats bordering rivers. Unlike Schmutz's (2001) conjecture of what habitats were used for foraging, our results suggest that emperor geese may have selected these pond habitats for their greater food availability. In response to mammalian predators, broods of emperor geese commonly move onto mudflats or rivers (Laing and Raveling, 1993) . Given the difference in grazing lawn availability adjacent to ponds versus rivers, broods may also face trade-offs between minimizing risk of predation and maximizing the amount of available forage.
The changing availability of grazing lawns on the YKD is due in part to interactions with grazers (Ruess et al., 1997; Person et al., 2003) . Person et al. (2003) observed an increase in grazing lawn availability during 1991 -99 in response to increased densities and grazing pressures by herbivores, predominantly black brant. We did not detect a temporal change in the availability of grazing lawns during 1999-2004, a time of relative stability or decline in density of the composite goose community on the YKD (Anthony, 2004; Eldridge and Hodges, 2004) . Nonetheless, the potential for feedbacks between goose densities and grazing lawn availability (Person et al., 2003) suggests that future monitoring of both the grazers and the food resource is warranted. Our videography technique provides that opportunity for the food resource, which until now has not been examined at such a large scale.
